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Surgical Anatomy and Bifurcation
Patterns of the Popliteal Artery:
An Anatomical Study

A. Poplitea'nin Cerrahi Anatomisi ve
Dallanma Sekilleri: Anatomik Bir Calisma

ABSTRACT Objective: To clarify the anatomy of the popliteal artery and to determine key varia-
tions in the bifurcation patterns of the popliteal artery. Material and Methods: The popliteal fossae
of 28 (12 right and 16 left) fixed lower extremities were carefully dissected, and the arterial pattern
from the distal edge of the adductor hiatus (AH) to the proximal portion of each leg was docu-
mented. A digital caliper was used to measure the arterial length. The transverse plane between the
distal edges of the femoral condyles (FCs), which is easily located, was used as reference. Results:
The mean length of the popliteal artery (PA) from the AH to the FCs was 9.26 + 1.63 cm on the right
side and 10.08 + 2.12 cm on the left side, while the mean distance from the FCs to the site of bi-
furcation into the anterior and posterior tibial arteries was 7.20 + 1.98 cm on the right side and 6.69
+ 1.15 cm on the left. The average arterial length from the level of the FCs to the site of origin of
the peroneal artery was 10.01 + 1.78 cm on the right side and 9.18 + 1.07 cm on the left side, and
the PA/extremity ratio was 0.21 + 0.04 on the right side and 0.22 + 0.04 on the left. Variable pat-
terns of adult popliteal artery termination were observed. Conclusion: The data presented here can
help reduce the complication rate and improve the success rate of both urgent and elective vascu-
lar procedures, which often require exposure of the popliteal artery.
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OZET Amag: A. poplitea anatomisini ve dallanma yapisindaki énemli farkhiliklar: ortaya koymak.
Gereg ve Yontemler: 28 (12 sag, 16 sol) fikse edilmis alt ekstremitede fossa poplitea disseksiyonu ya-
pild1 ve hiatus adductorius'un (AH) distal boliimii ile bacagin proksimal boliimii arasindaki arteri-
yel yapilanma incelendi. Arter uzunluklarini 6lgmek i¢in dijital bir kumpas kullanildi. Femur'un
condylus medialis ve condylus lateralis’ini birlestiren transvers diizlem (FC) referans olarak kulla-
nildi. Bulgular: AH ile FC arasinda ortalama a. poplitea uzunlugu sag tarafta 9.26 + 1.63 cm, sol ta-
rafta 10.08 + 2.12 cm olarak 6lgiildii. FC hattindan a. tibialis anterior ve a. tibialis posterior'un
dallanma bolgesine olan uzunluk sagda 7.20 + 1.98 cm, solda 6.69 + 1.15 cm olarak él¢iildii. FC hat-
tindan a. peronea’nin ayrilma yerine kadar olan mesafe sagda 10.01 + 1.78 cm, solda 9.18 + 1.07 cm
olarak 6l¢iildii. A. poplitea/ekstremite orani sag tarafta 0.21 + 0.04, sol tarafta 0.22 + 0.04 olarak he-
saplandi. A. poplitea'nin farkh sekillerde sonladig: gozlendi. Sonug: Elde ettigimiz sonuglarin a.
poplitea’yi ilgilendiren acil ve elektif sartlardaki cerrahi girisimlerde komplikasyonlarin azaltilma-
sina ve basar1 oraninin arttirilmasina yardimei olabilecegi diistiniildii.

Anahtar Kelimeler: A. poplitea; anatomi; kadavra
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njury to the popliteal artery can occur during knee surgery, which po-
ses a major clinical problem as such injuries can lead to amputation.! In
addition, aneurysms of the popliteal artery are the most common type
of peripheral arterial aneurysm.? The soleus muscle flaps and posterior tib-

Turkiye Klinikleri ] Med Sci 2009;29(2)



Anatomy

Barut et al

ial fasciocutaneous flaps can be used to cover and
reconstruct soft tissue defects in the lower limbs;
however, preoperative planning of femorodistal
popliteal and tibial arterial reconstruction or of (ot-
her) emergency surgical procedures requires accu-
rate information regarding the course of the
popliteal artery and its branches.®* Thus, it is nec-
essary to clarify the anatomy of the popliteal artery,
including key variations in its bifurcation pattern.

In classical textbooks, while the origin and
branches of the popliteal artery are described with
their adjacent structures, clear and detailed data re-
garding the branching patterns and distances of the
genicular and other branches are lacking.> Several
studies have examined the branching patterns and
anatomy of the popliteal artery, with some of them
using radiograms to classify and relate variant pat-
terns of the popliteal artery.!#¢1° In some cadave-
ric studies, only the branching pattern was
investigated, while other studies used landmarks to
describe the distances of the popliteal artery branc-
hes from the adductor hiatus (AH) and the distan-
ce to the bifurcation.*®® The preferred landmarks
vary among different studies and include “the tip
of the head of fibula”, “a transverse plane through
the middle of the knee joint at the level of the dis-
tal edge of the femoral condyles (FC)”, the “medial
tibial plateau”, and “the level of the medial joint li-

ne”.4,7,9,11

The aim of this study was to describe the nor-
mal anatomy and key variations in the bifurcation
pattern of the popliteal artery.

I MATERIAL AND METHODS
The popliteal fossae of 28 (12 right and 16 left) lo-

wer extremities fixed in 10% formalin were injec-
ted with colored latex and carefully dissected (in
some regions with the aid of a Zeiss OPMI 9-FC
surgical microscope) and the arterial pattern from
the distal edge of the AH to the proximal portion of
each leg was documented. A digital caliper with a
resolution of 0.01 mm was used to measure the ar-
terial length and external diameter of the arteries at
their origins and at different levels (BTS Digital Ca-
liper 150 x 0.01 mm). The transverse plane at the
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distal edge of the FC was used as a reference since
it can easily be located from the surface in the lo-
wer extremities. Mean values, maximum and min-
imum values, and standard deviations were
calculated for all cases using SPSS for Windows (re-
lease 11.01).

Measured lengths of the popliteal artery inc-
lude

PA1: Popliteal artery from the AH to the FC
(AH-FC);

PA2: Popliteal artery from the FC to the site
of bifurcation into the anterior tibial artery and ti-
bioperoneal trunk (terminal bifurcation point,

TBP) (FC-TBP); and

FC-PeA: Artery from the level of the FC to the
site of origin of the peroneal artery (PeA).

These measurements were added to obtain

PA (PA1 + PA2): The total length of the pop-
liteal artery from the AH to the TBP; and

AH-PeA: The distance from the AH to the po-
int of origin of the PeA.

The mean diameters of the following arteries
were measured:

DPA (AH): Popliteal artery at the AH;

DPA (FC): Popliteal artery at the level of FC;

DATA: Anterior tibial artery at its site of ori-
gin;

DPTA: Posterior tibial artery at its origin; and

DPeA: Peroneal artery at its origin.

The distances of the genicular arteries from
the AH were also measured:

AH-SLGA: The distance from the AH to the
superior lateral genicular artery;

AH-SMGA: The distance from the AH to the
superior medial genicular artery;

AH-ILGA: The distance from the AH to the
inferior lateral genicular artery;

AH-IMGA: The distance from the AH to the

inferior medial genicular artery; and

AH-MGA: The distance from the AH to the
middle genicular artery.
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The distance between the anterior superior ili-
ac spine and medial malleolus (ASIS-MM) of each
lower limb lying parallel to the median plane in the
supine position was measured to calculate the stan-
dardized PA/ASIS-MM ratio, which is referred to
as PA/extremity. A digital caliper with a resolution
of 0.01 mm (BTS Digital Caliper 500 x 0.01 mm)
was used to measure ASIS-MM.

I RESULTS

Length and diameter measurements were made
for 28 lower extremities (12 right and 16 left). The
mean length of the popliteal artery from the AH
to the FC was 9.26 + 1.63 cm on the right side and
10.08 + 2.12 cm on the left side and the mean dis-
tance from the FC to the site of bifurcation into
the anterior and posterior tibial arteries was 7.20
+ 1.98 cm on the right side and 6.69 + 1.15 cm on

the left. The average arterial length from the FC
to the site of origin of the peroneal artery was
10.01 + 1.78 cm on the right side and 9.18 + 1.07
cm on the left side. The length ratio of the popli-
teal artery to the total extremity was 0.21 + 0.04
on the right side and 0.22 + 0.04 on the left. The
ratio of the AH-PeA to the total extremity length
was 0.24 + 0.04 on the right side and 0.25 + 0.04
on the left (Table 1). A comprehensive list of our
results was shown in Table 1. Figure 1 and 2 show
the details of the branching pattern of the popli-
teal artery.

Notably, we encountered one case of a tri-
furcation at the termination site of the popliteal
artery that divided into the anterior tibial, poste-
rior tibial, and peroneal arteries; the distance be-
tween the AH and the trifurcation site was 18.70
cm.

TABLE 1: Measurements of the popliteal artery (cm)

Right (n=12)

Min Max Mean SD
ASIS-MM 73.00 84.00 7877 353
PA1: AH-FC 670 1150 926 1.63
PA2: FC-TBP 430 1010 720 1.98
FC-PeA 790 1350 10.01 1.78
AH-SLGA 180 750 463 228
AH-SMGA 260  6.90 463 159
AH-MGA 380 1030 817 2.62
AH-ILGA 650 1290 1046 274
AH-IMGA 700 1260 1049 253
AH-SAA 1090 1190 1140 0.71
FC-ASLG 2.50 7.10 464 143
FC-ASMG 370  6.00 464 077
FC-AMG -90 3.20 147 1.63
FC-AILG -460  1.50 -1.20  2.04
FC-AIMG -4.10 1.10 -1.23  1.84
FC-AAS 280 -040 -160 170
DPA(AH) 042 073 058 0.12
DPA (FC) 033 064 050 0.12
DATA 020 047 035 010
DPTA 033 052 041 007
DPeA 020 042 030 007
PA (PA1+PA2) 11.00 1950 1646 3.18
PA/Extremity 0.13 0.25 021  0.04
PA-AH/TBP .93 1.61 1.34 027
AH-PeA 1470 2290 19.28 2.95
AH-PeA/ Extremity 018  0.29 024 0.04

Left (n=16) Overall (n=28)

Min Max Mean  SD Min Max Mean SD
71.00 85.00 7750 444 71.00 85.00 77.97 4.07
7.50 1430 10.08 212 6.70 1430 976 1.94
5.30 920 669 115 4.30 10.10 690 1.51
7.00 1110 918  1.07 7.00 1350 951 142
3.00 860 613 178 1.90 860 553 208
1.50 1010 559 233 1.50 1010 521 2.08
2.60 1110 727 2.92 2.60 1110 763 274
5.40 1380 992 266 5.40 13.80 10.14 263
510 1460 1024 297 510 1460 1034 272
9.70 1330 1090 1.66 9.70 1330 11.07 1.35
1.60 6.40 3.95 1.42 1.60 7.10 423 142
1.90 850 449 211 1.90 850 455 167

.20 7.40 3.08 2.42 -0.90 7.40 243 223
-3.30 220 017 178 -4.60 220 -0.38 1.96
-1.70 2.40 -.06 1.27 -4.10 2.40 -0.55 1.60
-1.60 440 096 255 -2.80 440 012 250
0.48 080 063 0.9 0.42 080 081 010
0.42 068 053  0.07 0.33 068 052 0.09
0.22 048 037 0.9 0.20 048 036 0.09
0.24 054 040  0.09 0.24 054 040 0.08
0.20 0.42 0.32 0.06 0.20 0.42 031 0.07
1320 2210 1678 285 11.00 2210 16.65 2.91
0.16 0.29 0.22 0.04 0.13 0.29 021  0.04
1.17 2.16 152 030 0.93 216 145 0.30
14.50 2400 1926 283 1450 2400 19.27 280
0.17 0.31 025 0.04 0.17 0.31 025 0.04
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FIGURE 1: Overview of the popliteal artery and the TBP with reference to the FC.
TBP: Terminal bifurcation point; FC: Transverse plane between the distal edges of the
femoral condyles; AH: Adductor hiatus; PA: Popliteal artery; SMGA: Superior medial
genicular artery; SLGA: Superior lateral genicular artery; ILGA: Inferior lateral genicular
artery; IMGA: Inferior medial genicular artery; ATA: Anterior tibial artery; FA: Peroneal
artery; PTA: Posteror tibial artery

In addition, one of the popliteal arteries we
dissected bifurcated into its terminal branches 4.3
cm below the level of the FC, and may be conside-
red a high takeoff popliteal artery.

None of the popliteal arteries we dissected co-
ursed deep to the popliteus muscle.

I DISCUSSION

Our results were consistently smaller than those of
Cross et al, which may be attributed to racial or in-
dividual morphological differences (Table 2).° In-
deed, Cross et al neither included that type of
information in their study nor reported the lengths
of the lower extremities used.’ To eliminate diffe-
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rences arising from individual features, we measu-
red the SIAS-MM distance and calculated the afo-
rementioned ratios.

Although our landmarks were different from
those used by Schmeiser et al, the values recorded
for SLGA, SMGA, ILGA, and IMGA were similar.
The differences in MGA and SAA were likely due
to the high variation rate of these structures.!!

Although our analysis differed considerably
from those of Raveendran and Kumagara and To-
bin in terms of the approximate distance between
landmarks, the average bifurcation distance of the
PA (TBP) and the PeA distal to the fibular head or

FC reported in our study were comparable.*'?

An evaluation of 147 arteriograms by Sanders
and Alston revealed that the TBP of the popliteal
artery was 6-8 cm in 91% of the limbs.® Despite the
fact that our landmark was at the level of the FC

FIGURE 2: Genicular branching pattern of the popliteal artery with reference
to the FC.

FC: Transverse plane between the distal edges of the femoral condyles; AH: Adductor
hiatus; PA: Popliteal artery; SMGA: Superior medial genicular artery; SLGA: Superior lat-
eral genicular artery; ILGA: Inferior lateral genicular artery; IMGA: Inferior medial genic-
ular artery; MGA: Middle genicular artery; SAA: Sural arteries.
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TABLE 2: Comparison of the diameters and lengths
of the popliteal artery (cm).
Cross et al® Our study

Mean sD Mean SD
PA1: AH-FC 14.0 2.1 976  1.94
PA2: FC-TBP 6.2 0.8 690 151
FC-PeA 9.1 1.9 951 142
DPA(AH) * 1.05* 022 061  0.10
DPA (FC) 087 016 052 0.09
DATA 058 0.1 036 0.9
DPTA 047 001 040 0.08
DPeA 046  0.09 031 007
PA (PA1+PA2) 20.2 26 16.65 291
AH-PeA 23.1 33 1927 2.80

*Popliteal-5 cm distal to AH.

and possible differences between angiographic and
cadaveric studies depending on the techniques
used, we believe that our results (FC-TBP: 6.90 +
1.51) are in accordance with theirs (Table 1).

Although in classical anatomy textbooks, the
terminal branches of the popliteal artery are shown
to be the anterior and posterior tibial arteries, the
usual branching pattern of the popliteal artery was
determined to be the anterior tibial artery (ATA)
and tibioperoneal artery by Kim et al and Day and
Orme and the term tibioperoneal artery has gained
wide acceptance in clinical practice.2>7!3!4 Qur ob-
servations on the typical branching pattern of the
popliteal artery were in accordance with results ci-
ted in the literature.>”!* Various landmarks of a si-
milar nature have been used in several studies.>*”!*
To avoid confusion, we relied on an easily recogni-
zable landmark that can be readily utilized in clin-
ical practice, thereby allowing the length of the

popliteal artery and its branching points to be pro-
perly assessed during preoperative planning. Alt-
hough Bardsley and Staple found no correlation
between tibia length and the branching level of the
popliteal artery, the ratios used in this study will
be useful in preoperative and intraoperative plan-
ning for surgery in the popliteal region."” PA/ex-
tremity and PA-AH/TBP are important ratios to
consider prior to surgery for individuals with unu-
sual morphological traits. Measuring the lower ex-
tremity may also help predict the length of the
popliteal artery and its branching points.

According to the literature, the diameter of
the popliteal artery is related to age, body size, and
sex, with males having larger arteries than fema-
les.!® Sandgren et al reported that the diameter of
the popliteal artery was 6.71 + 0.91 mm and 8.41 +
1.61 mm, respectively, in men and women with ab-
dominal aortic aneurysms.'” Although we did not
evaluate gender differences in the current study,
our results were not in accordance with these fin-
dings (Table 1). Differences in the measurement si-
tes or the pathological condition of the study group
may explain the discrepancy.

Knowledge of the normal anatomical charac-
teristics of the popliteal artery and its relationship
with the FC, which is an easily located landmark,
can be useful for anatomists and surgeons perfor-
ming procedures in that region. It is evident that
when a variation is detected, the standard appro-
ach may require modification. In addition, the da-
ta presented in this paper may be helpful for the
placement of retractors or in the use of oscillating
saws and osteotomes during surgery to prevent
complications.
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